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Honey bee- collected pollen in agro- ecosystems reveals diet 
diversity, diet quality, and pesticide exposure

































honey	 bee-	collected	 pollen	 from	 commercial	 colonies	 in	 the	 Canadian	 Maritime	
Provinces	in	spring	and	summer	2011.	We	sampled	pollen	collected	by	honey	bees	at	
colonies	in	four	site	types:	apple	orchards,	blueberry	fields,	cranberry	bogs,	and	fallow	
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1  | INTRODUCTION
Insect	 pollination	 contributed	 an	 estimated	 €153	 billion	 to	 agricul-







2000).	 Pollination	 services	 are	 how	 industrial	 apiculture	 generates	





the	 past	 five	 decades	 globally,	 above	 average	 annual	winter	 colony	
mortality	 has	 occurred	 regularly	 since	 2007	 in	 both	North	America	
and	Europe,	with	serious	attendant	economic	consequences	 (Currie,	
Pernal,	&	Guzmán-	Novoa,	2010;	De	la	Rúa,	Jaffé,	Dall’Olio,	Muñoz,	&	









Proper	nutrition	 enhances	 as	well	 as	maintains	 good	health	 and	
colony	 sustainability	 (Brodschneider	 &	 Crailsheim,	 2010).	 Honey	
bee	 foragers	 collect	nectar,	 pollen,	 and	water	 from	 flowering	plants	




Mattilla	&	Otis,	 2006;	 Sagili	&	Pankiw,	 2007;	 Singh	&	 Singh,	 1996;	
























than	 are	 target	 pests	 (Claudianos	 et	al.,	 2006;	 Scott-	Dupree	 et	al.,	
1995).	Higher	susceptibility	to	pesticide	residues	(i.e.,	pesticides	and	

























residues	per	pollen	 sample	 (Mullin	et	al.,	2010).	A	 similar	 survey	 in	
France	 found	 the	 neonicotinoid	 imidacloprid	 in	 49.4%	 of	 samples	





odor	discrimination,	 learning,	 locomotion,	and	queen	health	 (Pettis,	
Collins,	Wilbanks,	&	Feldlaufer,	2004;	De	 la	Rúa	et	al.,	2009;	Frost,	




put	 colonies	 at	 greater	 risk	 from	 stressors	 such	 as	 parasites	 that	
otherwise	 healthy	 colonies	 could	 manage	 (De	 la	 Rúa	 et	al.,	 2009;	
Thompson,	2003).	Finally,	an	indirect	consequence	of	herbicides	that	
are	 sprayed	 in	 some	crops	 (e.g.,	 apples,	Malus pumila)	 is	 a	possible	
reduction	in	noncrop	flower	taxa,	limiting	forage	diversity	for	pollina-
tors	(Kevan,	1975;	Potts	et	al.,	2010).











2  | MATERIALS AND METHODS
2.1 | Data collection
We	 conducted	 field	 work	 between	 26	 May	 and	 26	 August	 2011.	
We	had	four	site	types:	apple	orchards,	blueberry	(Vaccinium angus-
tifolium	 and	V. corymbosum)	 fields,	 cranberry	 (V. macrocarpon)	 bogs,	
and	fallow	fields	(Table	1).	We	sampled	each	of	the	above	site	types	
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in	 the	 three	Maritime	provinces	 of	Canada:	Nova	 Scotia	 (NS),	New	













However,	 some	 sites	 did	 not	 have	 enough	pollen	 for	 analyses	 even	
after	additional	sampling	(Table	2).	Minimum	volumes	of	pollen	were	
~5	ml	 for	 pesticide	 analysis,	 ~7	ml	 for	 plant	 taxa	 identification,	 and	
~5	ml	for	nutritional	analyses.
After	a	maximum	of	48	hr,	 traps	were	 removed.	Pollen	 load	dis-
tribution	 in	 trays	 appeared	 homogenous	 as	 dislodged	 from	 bees;	

























Sites per province Sampling period by province
NS NB PEI NS NB PEI
Apple 3 1 1 26	May–1	June	2011 8–9	June	2011 5–6	June	2011
Blueberry 5 3 3 29	May–18	June	2011 8–22	June	2011 19–24	June	2011
Cranberry 6 4 2 16–17	July	2011 24–25	July	2011 19–20	July	2011
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these	extra	sources	were	treated	as	contamination	because	there	was	
always	a	clear	majority	or	only	one	source	 (Dimou,	Thrasyvoulou,	&	




pollen	were	 compared	 to	photographs	of	 known	pollen	 for	 identifi-
cation.	 If	 an	 unknown	pollen	 sample	was	 not	 in	 the	 reference	 slide	






Samples	 were	 analyzed	 for	 percent	 protein	 content	 and	 20	 amino	
acids	with	 a	Hitachi	 L-	8900	Amino	Acid	Analyzer	with	 postcolumn,	

















2015),	multcomp	 (Hothorn,	Bretz,	&	Westfall,	 2008),	agricolae	 (de	
Mendiburu,	2015),	and	piecewiseSEM	 (Lefcheck,	2015),	and	results	
were	 plotted	with	 ggplot2	 (Wickham,	 2009).	 Linear	mixed-	effects	
analyses	were	 used	 to	 test	 for	 differences	 among	 site	 types	 (site	










Model	 significance	was	 tested	by	ANOVA	comparisons	of	 fitted	













site	 types	 (df	=	3,	 37,	F = 14.0,	p < .0001).	Number	 of	 taxa	 at	 apple	
sites	 (9.2	±	3.9;	N = 5)	was	not	significantly	different	from	blueberry	
(7.4	±	3.0;	 N = 11,	 p = .80)	 or	 cranberry	 sites	 (13.3	±	3.8;	 N = 12,	
p = .19),	 but	 had	 fewer	 taxa	 than	 fallow	 sites	 (16.8	±	4.2;	 N = 13,	






(χ2(3)	=	4.3,	p = .20).	Apple	sites	had	4.1	±	0.8	taxa	(N = 9),	blueberry	







































Site type # Sites with pollen
# Colonies with 
pollen
Taxon ID Nutrition Pesticides
# Colonies used Samples/colonies Samples/colonies
Apple 5/5 11/27 9 11/9 21/7
Blueberry 6/11 12/35 10 13/10 22/9
Cranberry 10/12 17/36 14 16/14 21/8
Fallow 10/13 18/40 16 17/16 22/8




len	 collected	 in	 apple	 sites)	 differed	 among	 crop	 sites	 (χ2(2)	=	26.1,	
p < .0001;	Figure	4).	Apples	sites	had	the	highest	proportion	of	pollen	
collected	from	crop	flowers	(0.74	±	0.1;	N = 7),	followed	by	cranberry	
(0.078	±	0.20;	N = 14)	and	blueberry	sites	 (0.0011	±	0.0035;	N = 10)	
which	did	not	differ.
3.2 | Nutrition in pollen
Percent	 protein	 of	 pollen	 differed	 significantly	 among	 sites	
(χ2(3)	=	15.5,	p = .002;	Figure	5).	Apple	(12.61	±	1.84;	N = 9)	and	cran-




(N = 9)	and	cranberry	(N = 14)	sites	trended	higher	 in	percent	amino	














herbicides,	 one	 insecticide	 synergist,	 and	 four	 breakdown	 products	
(Table	S1).	All	residues	detected	were	below	LD50,	the	amount	needed	
to	kill	50%	of	organisms	exposed.
Number	 of	 pesticide	 residues	 detected	 in	 honey	 bee-	collected	
pollen	 differed	 significantly	 among	 site	 types	 (χ2(3)	=	9.0,	 p = .03; 
pesticide	amount	was	log-	transformed).	Apple	sites	(5.6	±	1.1;	N = 7)	
did	 not	 differ	 from	 blueberry	 (4.7	±	4.1;	 N = 8)	 or	 cranberry	 sites	
(2.7	±	1.98;	N = 7),	but	had	more	residues	than	fallow	sites	(1.2	±	0.5;	
N = 6,	p = .005).	There	were	significant	differences	in	PHQ	among	site	









berries,	 and	 fallow	 sites	 in	 the	Maritimes	 and	 likely	 in	other	 similar	
intensively	 managed	 agro-	environments.	 As	 expected,	 fallow	 sites	
had	 the	 greatest	 diversity	 of	 flowering	 plants	 because	 those	 sites	
were	 in	 uncultivated	 areas	 where	 species	 are	 not	 selectively	 ex-
cluded.	However,	we	did	not	anticipate	significant	differences	among	
the	other	site	types	in	floral	diversity;	these	differences	suggest	that	












metric	of	diet	diversity	and	quality.	 In	any	case,	our	data	 show	 that	
honey	bees	used	four	to	five	different	taxa	as	pollen	sources	at	any	
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used	 by,	 honey	 bees.	Additional	 diversity	 in	 honey	 bee	 diets	would	
almost	 certainly	 be	 observed	 over	 longer	 intervals;	 however,	 honey	
bees	are	deployed	in	various	crops	for	relatively	brief	intervals,	so	our	
sampling	 likely	 captures	 the	majority	of	variation	 that	occurs	 in	 this	
landscape	and	within	the	management	regime	of	beekeepers	in	much	





In	 apple	 sites,	 the	majority	of	pollen	 in	every	 colony	came	 from	





&	 Vander	 Kloet,	 2002;	 MacKenzie,	 1994).	 Similarly,	 proportions	 of	
pollen	from	cranberry	were	quite	low	compared	to	proportions	from	





not	buzz	pollinators,	 and	 this	 could	be	an	obstacle	 to	pollen	collec-
tion.	An	additional	explanation	for	the	low	amount	of	Vaccinium	spp.	
pollen	is	that	openings	in	pollen	traps	may	not	be	narrow	enough	to	
remove	 those	 pollen	 loads.	 Vaccinium	 spp.	 pollen	 grains,	 especially	















easily	 collected	pollen	of	other	 flowers	 in	bloom.	 In	blueberry	 sites,	
where	 almost	 no	 pollen	 in	 traps	was	 from	 blueberry	 flowers,	 other	
forage	may	 be	 of	 higher	 quality,	 easier	 to	 collect,	 or	 a	 combination	

































Pollen	 in	 apple	 sites	 had	 higher	 numbers	 of	 residues	 than	 fal-
low	 sites,	 but	 neither	 differed	 from	 blueberry	 or	 cranberry	 sites.	
Additionally,	apple	and	blueberry	sites	had	the	highest	PHQ	values,	
though	not	significantly	higher	 than	cranberry.	The	high	number	of	
residues	 and	 associated	 PHQ	 in	 apple	 pollen	 were	 not	 surprising	




levels	 but	 low	 crop	 flower	 proportion	 is	 pesticide	 drift	 to	 noncrop	
flowers	 around	 blueberry	 sites	 during	 application	 or	 runoff.	As	 ex-
pected,	 fallow	 sites	 had	 few	 residues	 because	 these	 sites	 are	 not	
sprayed	directly.
We	 found	 a	 significant	 negative	 correlation	 between	 floral	 di-
versity	and	PHQ.	 It	may	be	that	reduced	pesticide	application	 is	as-
sociated	with	 higher	 floral	 diversity.	This	 suggests	 that	 higher	 floral	




























or	 both	 of	 these	 combinations	were	 found	 in	 each	 of	 our	 crop	 site	
types.
Two	 of	 the	 most	 common	 five	 pesticides	 detected,	 imidaclo-
prid,	 and	 acetamiprid,	 are	 neonicotinoids.	Two	 additional	 neonicoti-
noids	were	detected	 less	 frequently:	 thiamethoxam	and	 thiacloprid.	
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